Introduction {#Sec1}
============

Type 2 diabetes mellitus has been associated with an increased risk of diverse cancers \[[@CR1], [@CR2]\]. Bladder cancer, the sixth most common cancer in U.S. adults, occurs 10--40% more often in adults with diabetes than in those without diabetes \[[@CR3]\]. The etiology of higher cancer incidence among diabetic patients (diabetics) is not fully understood \[[@CR1]\]. Common risk factors, such as obesity \[[@CR4]--[@CR6]\] or lack of physical activity \[[@CR7]\], may explain part of the increased risk. Hyperglycemia \[[@CR8], [@CR9]\] and hyperinsulinemia \[[@CR6], [@CR10], [@CR11]\] have been suggested as contributing to the risk of cancer, while the degree of glucose control does not appear to alter the cancer risk \[[@CR12]\]. The association between cancer and medications commonly used by diabetics has also been suggested to be associated with an increased cancer risk, but this association remains uncertain. Consequently, medication-associated risk warrants continued exploration given the excess cancer experienced by this population and their relatively intense use of pharmaceuticals.

Researchers assessing the relationship between pharmacotherapies for the treatment of diabetes and cancer risk have reported mixed results. The most common hypoglycemic agent used in the USA, metformin, may reduce the risk of certain cancers \[[@CR13]--[@CR16]\], while sulfonylureas do not appear to modify cancer risk \[[@CR17]\]. The effect of exogenous insulin on cancer risk is unclear \[[@CR18]--[@CR20]\]. Angiotensin receptor blockers (ARBs), which are recommended by American Diabetes Association guidelines as either a first choice or alternative to angiotensin-converting enzyme inhibitors (ACE-Is) for hypertension, have been associated with a modest increase in cancer risk \[[@CR21]\]. Evidence linking the oral hypoglycemic agent, pioglitazone, to an increased risk of bladder cancer is mixed \[[@CR22]--[@CR27]\]. In 2013 the International Agency for Research on Cancer deemed pioglitazone a possible carcinogen \[[@CR28]\]. Less is known about the other thiazolidinedione, rosiglitazone, also in use in the USA \[[@CR22], [@CR26]\]. Very little is known about the association of cancer with combination pharmacotherapy among diabetics; however, polypharmacy is common among diabetics, raising concern for additive or synergistic cancer-promoting or cancer-causing effects of such medications.

To advance our understanding of the association between bladder cancer and pharmacotherapies for diabetics, particularly thiazolidinediones (TZD), and the combination of TZD with ARB therapy, we have undertaken a retrospective cohort study using Medicare administrative data. An improved understanding of the relationship between pharmacotherapies for diabetes and bladder cancer could advance clinical care, informing treatment selection and shared decision-making.

Research Design and Methods {#Sec2}
===========================

Prevalent and Incident Cohorts {#Sec3}
------------------------------

We used a 40% random sample of the Medicare Beneficiary Summary (denominator) file and corresponding Medicare administrative data from Parts A (inpatient insurance) and B (outpatient insurance) for the period 2004--2012 and from Part D (prescription insurance) for the period 2006--2012 to identify patients receiving diabetes medications \[see Electronic Supplementary Material (ESM) Table 1 for medication codes\]. Patients were included in the prevalent cohort if (1) they had filled at least one diabetes-specific prescription between 2006 and 2012, and (2) the prescription receipt was preceded by at least 24 months of continuous enrollment in Parts A and B of the Medicare fee-for-service plan (to permit ascertainment of pre-observation co-morbidities and diabetes complications). Patients were included in the incident cohort if their first fill for a diabetes medication between 2006 and 2012 was preceded by 120 days of enrollment in Part D of the Medicare fee-for-service plan. Patients with a prior cancer diagnoses were excluded (defined as at least one inpatient or two outpatient diagnoses of cancer other than non-melanoma skin) during the 24-month look-back. Patients aged \<65, those in a hospice and those originally entitled to Medicare enrollment due to end-stage renal disease or disability were also excluded. See ESM Table 2 for the list of diagnostic codes used for exclusion.

Outcomes {#Sec4}
--------

The primary outcome of interest was incident bladder cancer. This was defined as the first inpatient or first of two outpatient diagnoses of bladder cancer (see ESM Table 2 for ICD-9 codes) and a claim for a cytoscopy service within 4 months before or after the first diagnosis date.

Follow-Up and Censoring {#Sec5}
-----------------------

Subjects were considered in follow-up from the time they met the definition for entry into the cohort until an occurrence of an initial incident bladder cancer or until right censoring by (1) non-incident non-bladder cancer, (2) end of fee-for-service enrollment in Parts A, B or D of Medicare or (3) death.

Exposures of Interest {#Sec6}
---------------------

The exposures of primary interest were pioglitazone, rosiglitazone and ARBs. In addition, we assessed exposure to metformin, sulfonylureas, insulin glargine, other insulin analogs, human insulin, and ACE-Is (see ESM Table 1 for list) because (1) these medications are common substitutes for the exposures of interest and (2) their use identifies diabetics with similar severity of illness and creates a proxy control for diabetes severity. For each patient we used Part D prescription fill records to identify and quantify drug exposure in a counting process-style format. The exposures are time-dependent covariates defined as ever use or duration of observed use prior to that time.

Covariates {#Sec7}
----------

The following covariates were included in the models: age, gender, race (categorized as Black, Hispanic, and other based on the Medicare denominator file variable), and low-income subsidy for Medicare Part D (a marker for income 150% or less of the federally defined poverty level) \[[@CR29]\]. The following comorbidities, diagnosed once or more at any time during the 24-month look-back were also included: alcohol abuse, chronic obstructive lung disease and/or tobacco use (combined as "tobacco exposure" proxy variable), obesity, diabetes complications (diabetic retinopathy, nephropathy, neuropathy, vasculopathy) and Charlson comorbidities (see ESM Table 3) not otherwise excluded or included \[[@CR30]\].

Statistical Analysis {#Sec8}
--------------------

We evaluated the association of cumulative duration of pharmacotherapy exposures in the prevalent and incident cohorts of treated diabetics with incidence of bladder cancer using cause-specific hazard ratios (HR) estimated using Cox's proportional hazards models for time-dependent covariates, adjusting for the covariates listed in the "[Covariates](#Sec7){ref-type="sec"}" section as well as calendar year. This approach assumes that competing risks, such as death, are independent of the occurrence of an incident bladder cancer. The cause-specific HR does not incorporate reduction in the populations at risk due to competing risks as does the sub-distribution HR \[[@CR31]\]. We report univariable models (one exposure at a time, controlling for covariates) and multivariable models (association of each exposure controlling for other exposures and covariates). We conducted analyses using cumulative duration of use as a continuous variable and separately cumulative duration categorized using the cut-off points of 1, 12 and 24 months. The time-scale in these models was time since meeting the criteria for cohort entry. We tested for proportionality of hazards using the Schoenfeld's residual test.

We tested the interaction of ARBs with pioglitazone, with rosiglitazone and with other hypoglycemics, as the product of the cumulative durations as well as a binary indicator of ever having used both (not necessarily concurrently).

The Committee for the Protection of Human Subjects at Dartmouth College approved this study. We used data provided by Medicare and entered a data use agreement with CMS (Center for Medicare and Medicaid Services). Data were stripped of personal health identifiers and are stored behind a secure firewall.

Compliance with Ethics Guidelines {#Sec9}
---------------------------------

This article does not contain any new studies with human or animal subjects performed by any of the authors.

Results {#Sec10}
=======

The prevalent and incident cohorts consisted of 1,161,443 and 320,090 enrollees in the Medicare fee-for service plan filling at least one anti-diabetic prescription, as described in Table [1](#Tab1){ref-type="table"}. The prevalent cohort was 62.5% female, 10.7% black and 9.8% Hispanic. Mean age at the beginning of follow-up was 75.9 years in females and 73.6 years in males; 18.9% had "tobacco exposure" and 4.5% had more than one diabetes complication. The median Charlson score in both cohorts was 1 \[interquartile range (IQR) 0--2\]. The median follow-up was 38.0 (IQR 19.0--67.0) months.Table 1Cohort characteristics of pharmacotherapeutically treated diabetic patients enrolled in Medicare between 2006 and 2012 overall and by sexCohort characteristicsPrevalent cohort (*N* = 1,161,443)^a^Incident cohort (*N* = 320,090)^a^Follow-up months42.2 (26.4)37.3 (23.3)Female62.5%62.4%Age, years75.1 (7.5)76.7 (7.2)Race  Black10.7%9.4%  Hispanic9.8%9.3%  White and other79.4%81.3%Low-income subsidy^b^42.1%41.7%Obese7.7%7.2%COPD/tobacco use^c^18.9%22.7%Charlson comorbidities^d^0.9 (1.2)1.0 (1.3)Number of diabetes complications^e^  0--195.5%97.5%  23.6%2.0%  ≥30.9%0.5%Data in table are presented as the mean with the standard deviation (SD) in parenthesis, or as the percentage*COPD* Chronic obstructive pulmonary disease^a^Patients were included in the prevalent cohort if (1) they had filled at least one diabetes-specific prescription between 2006 and 2012, and (2) the prescription receipt was preceded by at least 24 months of continuous enrollment in Parts A and B of the Medicare fee-for-service plan. Patients were included in the incident cohort if their first fill for a diabetes medication between 2006 and 2012 was preceded by 120 days of enrollment in Part D of the Medicare fee-for-service plan^b^A dichotomous indicator of poverty equals \<150% of the federal poverty level^c^Chronic obstructive pulmonary disease^d^Charlson Comorbidities include: human immunodeficiency virus, congestive heart failure, cerebrovascular disease, diabetes, liver diseases, myocardial infarction, peptic ulcer disease, hemiplegia/paralysis, peripheral vascular disease, renal disease, rheumatoid arthritis^e^Diabetes complications are: renal, ophthalmologic, neurologic, circulatory, unspecified

We identified 4433 cases of bladder cancer, which is an incidence of 2.2/1000 person years (PY) in men and 0.5/1000 PY in women. As shown in Table [2](#Tab2){ref-type="table"}, 20.1% of the cohort used pioglitazone at least once (mean duration of use 21.1 months). Rosiglitazone was used by 10.4% of the cohort (mean duration of use 16.5 months), ARBs by 31.6% and an ACE-I by 58.9%. A total of 8.0% of the cohort had exposure to both pioglitazone and ARBs, while 4.1% of the cohort had exposure to both rosiglitazone and ARBs.Table 2Frequency of incident bladder cancer and exposure to diabetes medications, overall and by sexBladder cancer cases/diabetes medicationsPrevalent cohortIncident cohortNumber of bladder cancer cases4433 (0.4%)1159 (0.4%)Incidence of bladder cancer (cases/1000 PY)1.081.16Pioglitazone use (*N*)20.1% (233,450)11.9% (38,091)  Mean exposure, months (SD)21.1 (31.8)16.6 (27.7)Rosiglitazone use (*N*)10.4% (120,790)4.8% (15,364)  Mean exposure, months (SD)16.5 (17.6)11.2 (14.2)ARB use (*N*)31.6% (367,016)28.6% (91,546)  Mean exposure, months (SD)24.5 (25.5)20.8 (22.0)ACE-I use (*N*)58.9% (684,090)53.0% (169,648)  Mean exposure, months (SD)28.1 (37.6)22.2 (30.7)Metformin use (*N*)61.1% (709,642)61.4% (196,535)  Mean exposure, months (SD)58.3 (59.7)37.5 (42.8)Sulfonylurea use (*N*)51.8% (601,627)39.6% (126,756)  Mean exposure, months (SD)29.1 (23.4)22.1 (20.1)Data are presented as the number (of enrollees) with the percentage in parenthesis, as the percentage with the number (of enrollees) in parenthesis or as the mean with the SD in parenthesis*PY* Person-years, *ARB* angiotensin II receptor blocker, *ACE-I* angiotensin converting enzyme inhibitors

Figure [1](#Fig1){ref-type="fig"} presents the HR relating duration of pharmacotherapy to a subsequent diagnosis of bladder cancer, adjusted for demographics and other patient characteristics at baseline, but not other pharmacotherapies. In the prevalent diabetes cohort, duration of pioglitazone use was associated with increased incidence of bladder cancer (*P* for trend, adjusted = 0.004), with a 16% (95% CI 0--35%) elevated risk of bladder cancer among those using pioglitazone for ≥24 months. In contrast, there was no association between an increased risk of bladder cancer and pioglitazone use in the incident diabetes cohort (*P* \> 0.10). In the prevalent cohort---but not in the incident cohort---there was a non-monotonic association of rosiglitazone use with bladder cancer. ARB use was found to be unrelated to risk. In the secondary analyses, use of sulfonylureas for 1--11 months was associated with a 17% (95% CI 8--27%) higher risk of bladder cancer in the prevalent cohort and an 18% (95% CI 2--37%) higher risk in the incident cohort, but use for \>12 months was not associated with increased risk. Metformin was associated with a significantly lower risk of bladder cancer in the incident cohort.Fig. 1For each of the pharmacotherapies, hazard ratios for bladder cancer occurrence are shown with 95% confidence intervals for duration of use categorized as 1--12, 13--24 and \>24 months versus no previous use. Each hazard ratio is adjusted for age, gender, year, race/ethnicity, low income, number of diabetes complications and chronic obstructive pulmonary disease/tobacco use. *ARB* Angiotensin receptor blocker, *ACE-I* angiotensin-converting enzyme inhibitors

Table [3](#Tab3){ref-type="table"} displays the results of multivariable models that include diabetic pharmacotherapies as well as demographic and comorbidity characteristics, for both the prevalent diabetes and incident diabetes cohorts. The monotonic association of pioglitazone duration with bladder cancer persisted (*P* for trend = 0.008) in the prevalent cohort but was not found in the incident cohort. The incidence of bladder cancer in those who received pioglitazone for ≥24 months was 16% higher than in those who received none. Diabetics in the prevalent cohort who used rosiglitazone for 1--12 and 13--24 months were at a 19% (6--35%) and 28% (9--51%) increased risk of bladder cancer, respectively, compared to those with no use, while those with ≥24 months of pioglitazone use had a 10% (−9 to 34%) higher risk. In contrast, there were no significant findings in the incident diabetes cohort. In the prevalent cohort, duration of sulfonylurea duration had an inconsistent association with bladder cancer risk; similar but non-significant associations were ascertained in the incident cohort. Any metformin use was associated with a 17 (5--27%) lower risk in the incident cohort but not a significantly lower risk in the prevalent cohort.Table 3Hazard ratios for incident bladder cancer versus medication duration of use from the multivariable model: the multivariable model includes all variables in this tableModel variablesPrevalent cohortIncident cohortHazard ratio95% Confidence interval*P* valueHazard ratio95 Confidence interval*P* valuePioglitazone  1--12 months1.030.931.140.5211.020.811.280.8845  13--24 months1.140.981.310.0910.950.621.440.8054  \>24 months1.161.001.350.0441.240.831.840.2969Rosiglitazone  1--12 months1.191.061.350.0041.130.831.530.4490  13--24 months1.281.091.510.0021.210.702.090.5011  \>24 months1.100.911.340.3140.930.412.080.8535Sulfonylurea  1--12 months1.151.071.250.0001.140.981.320.0962  13--24 months0.920.831.010.0810.970.791.200.7920  \>24 months0.840.770.920.0000.880.721.070.2064ARB1.020.951.100.4951.050.911.210.4789ACE-I1.060.991.130.0871.010.891.140.9093Insulin glargine1.000.911.100.9940.990.791.260.9655Human insulin0.900.821.000.0490.990.791.240.9372Other analog insulin1.010.911.120.8520.660.510.870.0032Metformin0.960.901.020.1860.830.730.950.0060Age (years)^a^  70--741.381.271.510.0001.211.011.450.0375  75--791.751.601.910.0001.411.171.700.0003  80--841.811.641.990.0001.811.492.200.0000  85+1.931.722.160.0001.871.502.330.0000Year1.010.991.030.3841.000.961.030.8086Race^a^  Black0.630.550.720.0000.590.440.790.0004  Hispanic0.570.490.650.0000.600.460.780.0001Female0.250.230.260.0000.220.190.250.0000Low income0.740.690.790.0000.740.650.860.0000No. of diabetes complications^a^  20.990.841.170.9171.621.152.300.0060  ≥30.770.521.130.1810.760.282.040.5910COPD/tobacco use1.481.381.590.0001.401.231.600.0000^a^Referent groups were (1) Age: \<70 years; Race: White; No. of diabetes complications: 0--1

We evaluated the effect of exposure to combined pharmacotherapy with pioglitazone + ARB but found that the interaction was not significant (*P* = 0.37), nor was there any significant (*P* \> 0.05) association of bladder cancer with pairwise interactions of any of the diabetes medications.

Discussion {#Sec11}
==========

Using a Medicare cohort of over 1 million U.S. pharmacologically treated diabetic patients aged ≥67 years, we found that the incidence of bladder cancer increased with duration of pioglitazone use in the prevalent diabetes cohort but not in the incident diabetes one. We also found an association of increased incidence of bladder cancer with duration of rosiglitazone use in the prevalent cohort, but it was non-monotonic, and the association was not present in the incident diabetes cohort. The use of metformin was associated with a decrease in bladder cancer incidence among incident diabetics. Finally, the use of an ARB and the combined therapy with an ARB + TZD was unrelated to bladder cancer incidence.

The TZD, pioglitazone, has been labeled a "probable carcinogen" by the International Agency for Research on Cancer (IARC) \[[@CR28]\]. Several meta-analyses have found it to be associated with an increased risk of cancer \[[@CR22]--[@CR24], [@CR32]--[@CR34]\]. We also found pioglitazone use to be associated with an increased risk of bladder cancer. Our relative risk estimate of 1.16 in the prevalent diabetes cohort and 1.24 in the incident diabetes cohort for ≥24 months of pioglitazone exposure among prevalent diabetics is similar to the value of 1.2 found in a recent meta-analysis of observational studies, but much less than that of 2.5 reported in a meta-analysis of randomized studies \[[@CR33]\]. It is possible that our estimate from the prevalent cohort is biased toward the null due to measurement error of the duration of use as a result of unknown treatment histories before the implementation of Part D in 2006 and before patients reached the age of Medicare benefits. Our null finding in the incident cohort may be due to reduced power compared to the prevalent cohort; we did find that individuals with ≥24 months of pioglitazone use had 24% more incident bladder cancers, but this difference was not statistically significant.

Rosiglitazone, the other TZD used in the USA, has been evaluated for its association with bladder cancer in meta-analyses \[[@CR22], [@CR23], [@CR32]--[@CR34]\] and none, including the most recent meta-analysis, detected an association. In the IARC assessment \[[@CR28]\], rosiglitazone was unclassifiable with respect to its bladder carcinogenicity. However, an animal study found that it promoted bladder tumor growth \[[@CR35]\]. In the prevalent diabetes cohort, rosiglitazone use for \>24 months was not associated with an increased risk of bladder cancer, but we did observe a 19% increased risk among those who used this drug for 1--12 months and a 28% increased risk among those using it for 13--23 months. This non-monotonic association is at most weak evidence of an association, or it indicates an unusual mechanism. The association of rosiglitazone and bladder cancer therefore requires further study.

In secondary analyses, we found metformin use was associated with a reduction in the development of bladder cancer in the incident diabetes cohort. Other studies have also reported that metformin is associated with lower cancer incidence \[[@CR13], [@CR14]\]. In a claims-based cohort study from Taiwan, patients receiving metformin were at lower risk of bladder cancer \[[@CR36]\], and a UK cohort study also found evidence of lower bladder cancer risk, but the results of the latter study were not statistically significant \[[@CR37]\]. We examined bladder cancer risk associated with sulfonylureas, another common class of anti-diabetic drugs. A recent meta-analysis reported a 55% increased risk of cancer among sulfonylurea users based on cohort studies, but no association based on data from either randomized or case--control studies \[[@CR38]\]. In the prevalent diabetes cohort, we found an increased risk for low to moderate duration of use but a decreased risk for use of \>2 years. Thus, the relationship between this class of anti-diabetics and bladder cancer remains unclear.

Most diabetes patients receive an ACE-I or ARB in addition to glucose-lowering therapy. A meta-analysis \[[@CR39]\] found the use of ARBs to be associated with a 10% increase in bladder cancer, although a meta-analysis restricted to randomized studies found no difference in risk \[[@CR40]\]. We found no association between ARB use and bladder cancer in our two study cohorts. Moreover, we examined the possibility that exposure to a combination of pioglitazone + ARBs or rosiglitazone + ARBs increased bladder cancer risk beyond that expected based on their main effects, but did not find evidence of an interaction.

Our study has several limitations characteristic of claims-based analyses. We lacked information on potential confounders, such as body mass index, physical activity, family history of cancer and environmental exposure. Our measure of tobacco use and past tobacco exposure depended on diagnosis codes. While clinicians are improving their tendency to explicitly diagnose tobacco use, we likely underestimated this important risk factor. Similarly, the diagnosis of chronic obstructive pulmonary disease itself may be incomplete, and even when made likely reflects a broad range of disease and past/current tobacco use. Our co-morbidity assignments and cancer events depend on the coding accuracy in these data sets. Previous studies have found that Medicare administrative data can identify cancer cases with good specificity (≥98%) and acceptable sensitivity (83--90%) \[[@CR41]\]. In our analysis, we used a 24-month look-back period to identify prevalent cancer cases, and we assumed that patients with no cancer diagnosis during this period to be cancer free. Some recurrent cancer cases could have been misclassified as incident. Our measurement of duration of treatment and cumulative exposure in the prevalent cohort is truncated at entry into the cohort; we have no records of prescription fills preceding Part D enrollment or preceding the age of 65 years when Medicare benefits begin for elderly beneficiaries. The effect of this measurement error is likely to be non-differential, resulting in estimates biased toward the null. Our definition of an incident cohort is debatable; we define a diabetic as incident if we did not observe them to have a prescription for a diabetes medication for at least 4 months. Furthermore, our list of prescriptions for diabetes medications did not include the newer although less commonly prescribed diabetes drugs (such as GLP-1, DPP-IV, acarbose and glinides). We rely on the dose dispensed, which is an imperfect measure of dose consumed. Prescription fill records have been shown to be a good proxy measure of prescription use, but poor adherence also could result in misclassification of exposure that would bias our findings toward the null \[[@CR42]\]. Finally, our findings do not necessarily generalize to individuals with diabetes younger than 65 years of age.

Conclusion {#Sec12}
==========

In conclusion, our findings are consistent with those of previous studies revealing a modest elevation in the incidence of bladder cancer associated with pioglitazone use. Associations with rosiglitazone were less clear, and no relation with bladder cancer was detected for the use of ARBs or ARBs combined with either of the TZDs. Clinicians and prescription benefits managers should consider prioritizing alternatives to pioglitazone, when possible, and engaging in shared decision-making when pioglitazone is prescribed. Attention should be paid to the benefits of glycemic control relative to the small but measurable increased risk in bladder cancers. Patients at higher risk of bladder cancer due to other factors (e.g. smoking, male gender, family history or environmental exposures) may warrant more thorough decision-making before initiating pioglitazone and perhaps rosiglitazone.
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